In patients presenting with acute coronary syndrome (ACS) the optimal duration of dual-antiplatelet therapy after drug-eluting stent (DES) implantation remains unclear. At 6 months after intervention, patients receiving clopidogrel were randomly assigned to either a further 6-month period of placebo or clopidogrel. The primary composite endpoint was death, myocardial infarction, stent thrombosis, stroke, or major bleeding 9 months after randomization. The ISAR-SAFE trial was terminated early due to low event rates and slow recruitment. 1601/4000 (40.0%) patients presented with ACS and were randomized to 6 (n = 794) or 12 months (n = 807) clopidogrel. The primary endpoint occurred in 14 patients (1.8%) receiving 6 months of clopidogrel and 17 patients (2.2%) receiving 12 months; hazard ratio (HR) 0.83, 95% confidence interval (CI) 0.41-1.68, P = 0.60. There were 2 (0.3%) cases of stent thrombosis in each group; HR 1.00, 95% CI 0.14-7.09, P = >0.99. Major bleeding occurred in 3 patients (0.4%) receiving 6 months clopidogrel and 5 (0.6%) receiving 12 months; HR 0.60, 95% CI 0.15-2.49, P = 0.49. There was no significant difference in net clinical outcomes after DES implantation in ACS patients treated with 6 versus 12 months clopidogrel. Ischaemic and bleeding events were low beyond 6-months.
Although prolonged DAPT reduces ischaemic endpoints after intervention the increased risk of bleeding may limit the clinical efficacy and the optimal duration of DAPT after percutaneous coronary intervention (PCI) in patients presenting with ACS remains controversial. U.S. and European guidelines currently recommend 12 months of DAPT for ACS patients, without an indication for oral anticoagulation, undergoing PCI; this recommendation is based on previous observational and registry data raising concern about the ongoing risk of stent thrombosis with early generation DES 4, 5 and evidence of incremental benefit over 12 months demonstrated in the CURE trial 1 . With respect to the treatment effect of shorter duration (<12 months) DAPT after PCI, randomised trials have been limited by methodological difficulties, including inadequate sample size [6] [7] [8] [9] [10] [11] , however, meta-analyses of available data have shown lower rates of bleeding with no increase in ischaemic events in those treated with shorter duration DAPT 12, 13 . The ISAR-SAFE study was designed to assess 6 versus 12 months clopidogrel for patients undergoing DES implantation for both stable coronary disease and ACS 11 . The trial demonstrated non-inferiority of the 6-month clopidogrel regimen in terms of net clinical outcome -the composite of death, myocardial infarction, stent thrombosis, stroke and major bleeding at 9 months after randomization (15 months after DES implantation). The study findings were limited by lower than expected event rates and early termination due to slow enrolment. This ISAR-SAFE ACS report is a prespecified subgroup analysis that aims to examine the treatment effect of 6 versus 12 months clopidogrel for ACS patients enrolled in the ISAR-SAFE trial.
Methods
The current report is a prespecified subgroup analysis of the ACS patients recruited for the ISAR-SAFE trial. Full details of the ISAR-SAFE trial design have previously been published 11, 14 . ISAR-SAFE was an investigator-initiated, international, multicenter, randomised, double-blind, placebo-controlled, non-inferiority trial that sought to assess 6 months versus 12 months duration of clopidogrel treatment for patients undergoing DES implantation. Patients were eligible for enrolment if they were receiving clopidogrel therapy at 6 (−1/+2) months after DES implantation and had provided written informed consent. Major exclusion criteria were age ≤ 18 years, clinical symptoms or proof of ischemia and/or angiographic lesions requiring revascularization, previous stent thrombosis, DES implantation in the left main coronary artery, myocardial infarction during the 6 months after DES implantation, malignancies or other comorbid conditions with a life expectancy of <1 year or that may result in protocol noncompliance, planned major surgery within 6 months with the need to discontinue antiplatelet therapy, active bleeding, bleeding diathesis, history of intracranial bleeding, oral anticoagulation, and known allergy or intolerance of the study medication. Enrolled patients were subsequently randomised 1:1 to receive either placebo or clopidogrel for 6 months, in addition to acetyl salicylic acid, and other medications prescribed at the discretion of the treating physician. All patients were scheduled to undergo clinical follow-up at 30 days, 6 months and 9 months after randomization. The primary endpoint was the composite of death, myocardial infarction, stent thrombosis (definite or probable), stroke, or Thrombolysis in Myocardial Infarction (TIMI) major bleeding at 9 months after randomization, i.e. 15 months after the index intervention. Secondary endpoints were the individual components of the primary endpoint. The study was conducted in accordance with the Declaration of Helsinki. The Ethics Committee of the Technische Universität München (Ismaninger Straße 22, 81675 München, Germany), and each participating center, approved the study. All patients provided written informed consent.
Statistical Considerations. The statistical design of the non-inferiority ISAR-SAFE study has been described in detail previously 11, 14 . Categorical variables were summarized using frequencies and proportions and compared using the chi-square test or Fisher's exact test, as appropriate. Continuous data were summarized using mean ± standard deviation or median [interquartile range] and compared using Student's t-test or nonparametric Wilcoxon rank-sum test, respectively. Cumulative event rates were calculated by the Kaplan Meier method and a Cox proportional hazards model was used for the comparison of the 2 study groups. The primary end point was also assessed in subgroups defined by age, gender, presence of diabetes mellitus, previous myocardial infarction, complexity of the treated lesion (complex lesions defined as B2 and C per the modified American College of Cardiology/American Heart Association Task Force classification), impaired left ventricular function (<55%), early generation DES, and premature study drug discontinuation. Software R (version 2.15.2, The R Foundation for Statistical Computing) was used for statistical analyses. The significance level was set at a two-sided alpha level of 0.05.
Results
Patients and Procedures. Between September 2006 and April 2014 a total of 1601/4000 (40.0%) patients enrolled in the ISAR-SAFE trial presented with ACS: 794 were randomly assigned to receive 6 months of clopidogrel and 807 to 12 months. Table 1 summarizes the baseline clinical and demographic characteristics according to treatment allocation to 6 or 12 months of clopidogrel. Angiographic and procedural characteristics at the time of index intervention are shown in Table 2 . Overall 734/1601 (45.8%) patients presented with myocardial infarction at the index intervention: 410 patients (25.6%) with an acute non-ST elevation myocardial infarction and 324 (20.2%) with ST elevation myocardial infarction. Table 3 shows the medication patients were receiving at the time of randomization.
Premature discontinuation of the study drug was recorded in 12.0% of the patients assigned to 6 months of clopidogrel and 14.7% of the patients assigned to 12 months of clopidogrel (p = 0.10).
Clinical Outcomes. There was no signal for interaction to suggest an overall treatment effect in this ACS population (P interaction = 0.72). Clinical follow-up at 9 months was available for all but 84 patients, 34 assigned to 6 months of clopidogrel (4.3%) and 50 patients (6.3%) assigned to 12 months; P = 0.08. In patients with incomplete Scientific RepoRts | 6:33054 | DOI: 10.1038/srep33054 9-month follow-up, the median duration of follow-up was 190 [IQR 180-226] days. A total of 21 patients (1.4%), 8 patients assigned to 6 months of clopidogrel and 13 patients assigned to 12 months of clopidogrel, had a follow-up shorter than 6 months (P = 0.28).
Clinical outcomes according to study group are reported in Table 4 . At 9 months, the composite primary endpoint of death, myocardial infarction (MI), stent thrombosis, stroke or major bleeding was observed in 14 patients (1.8%) assigned to 6 months of clopidogrel and 17 patients (2.2%) assigned to 12 months; hazard ratio (HR) 0.83, 95% confidence interval (CI) 0.41-1.68, P = 0.60 (graphical representation of primary endpoint shown in Fig. 1 ).
Regarding the secondary endpoints, 5 patients (0.6%) assigned to 6 months of clopidogrel and 7 patients (0.9%) assigned to 12 months of clopidogrel died within 9 months; HR 0.72, 95% CI 0.23-2.26, P = 0.57. There were 4 cases of definite stent thrombosis, 2 (0.3%) in patients assigned to 6 months of clopidogrel and 2 (0.3%) in patients assigned to 12 months of clopidogrel; HR 1.00, 95% CI 0.14-7.09, P = >0.99. The rates of MI and stroke were low and comparable in both study groups (MI: 6 patients [0.8%] vs. 8 patients (1.0%); HR 0.75, 95% CI 0.26-2.17, P = 0.60 and stroke: 3 patients [0.4%] vs. 2 [0.3%]; HR 0.75, 95% CI 0.26-2.17, P = 0.65, in the 6 month and 12 month groups respectively). The composite of death, MI, stent thrombosis, or stroke is shown in Fig. 2 .
TIMI major bleeding was observed in 1 patient (0.1%) assigned to 6 months of clopidogrel and in 2 patients (0.3%) assigned to 12 months of clopidogrel; HR 0.50, 95% CI 0.05-5.55, P = 0.58 (Fig. 3) . There was no significant reduction in the rate of TIMI minor bleeding in patients receiving 6 months of clopidogrel (2 events [0.3%] vs. 3 events [0.4%]; HR 0.67, 95% CI 0.11-3.96, P = 0.66), nor the composite of TIMI major and minor bleeding (3 events [0.4%] versus 5 events; HR 0.60, 95% CI 0.14-2.52, P = 0.49) (Fig. 4) . Bleeding, according to the Bleeding Academic Research Consortium (BARC), ≥ class 2 was observed in 9 patients (1.1%) assigned to 6 months clopidogrel and 17 patients (2.1%) assigned to 12 months clopidogrel (p = 0.12).
Results of subgroup analysis are shown in Fig. 5 . There was no significant interaction regarding the primary endpoint between treatment effect and age (P interaction = 0.06), diabetic versus non-diabetic patients (P interaction = 0.66), previous MI versus no previous MI (P interaction = 0.22), normal versus impaired LV function <55% (P interaction = 0.53), simple versus complex lesion morphology (ACC/AHA classification B2 or C) (P interaction = 0.26), early versus new generation DES (P interaction = 0.95), and premature discontinuation of study drug (P interaction = 0.11).
Discussion
This prespecified subgroup analysis of the ISAR-SAFE study assessed the treatment effect of 6 months versus 12 months clopidogrel for patients presenting with ACS and receiving treatment with a DES. The main finding is that event rates of the primary composite end point were low and were not statistically significant between the two groups. This study was investigator-initiated, industry-independent, and to date is the only double-blind, placebo-controlled trial that randomised ACS patients to shorter versus standard duration DAPT after DES implantation.
Current guideline recommendations regarding the duration of DAPT after DES implantation were drawn from first-generation DES observational data that indicated a small ongoing risk of ischaemic events and stent thrombosis beyond 12 months 4, 15 . Subsequent evolutions in DES drug and polymer coatings reduced the risk of late stent thrombosis in 2nd generation devices 16 , ultimately raising the question of whether early cessation of DAPT following 2nd generation DES implantation could improve overall clinical outcomes by reducing bleeding complications. Observational data identified ACS at presentation as an independent risk factor for stent thrombosis 4 in comparison to those with stable coronary disease, and this is reflected in the guidelines by a longer recommended period of DAPT for ACS patients undergoing stent implantation 17, 18 . However, ACS patients have frequently been underrepresented in subsequent trials exploring duration of DAPT after stent implantation, often as a result of inherent methodological difficulties, and the appropriate treatment strategy remains unclear.
Prior to our study, a number of randomised trials explored <12 months versus ≥12 months duration of DAPT after stent implantation. Several of these trials excluded, or restricted the inclusion, of high-risk patients 6, [8] [9] [10] 19 .
Six Months Clopidogrel (n = 794) Twelve Months Clopidogrel (n = 807) P One patient in the twelve months clopidogrel group was treated with cilostazol instead of acetylsalicylic acid.
Of the studies to include high-risk patients, this population has been underrepresented in some cases 20 , and the results from the largest available randomised trial are limited by underpowering for the primary endpoint, and an open-label design 7 . Prolongation of DAPT therapy beyond the guideline recommended 12-month period may be an alternative strategy for ACS patients at low bleeding risk. For example, the 'DAPT' trial found lower ischaemic events with 30 months, compared to 12 months, of clopidogrel after DES at a cost of increased bleeding 21 . Recent meta-analyses including randomised trials of longer versus standard duration DAPT also support the notion that ischaemic endpoints and cardiovascular, but not overall, mortality are improved by ongoing therapy: counter-balanced by increased non-fatal major bleeding 22, 23 . In our double-blind, placebo-controlled study we included ACS patients, who remained stable six months after index PCI. The primary endpoint was a composite of ischaemic and bleeding events, which seeks to reflect net clinical benefit to the patient. Although conclusions from subgroup analyses must be carefully drawn, the main finding of low event rates and similar net clinical outcomes in ACS patients receiving clopidogrel for 6 months, compared with 12 months, lends some support to the hypothesis that a shorter duration of DAPT may also be a suitable management strategy for selected patients. Although this study is not powered to interpret further subanalysis, no heterogeneity of treatment effect was seen amongst other ACS population subgroups.
The ISAR-SAFE ACS substudy has a number of limitations that should be recognized. Firstly, patients in the ISAR-SAFE study were randomised 6 months after index PCI; as a result, there was an unavoidable bias toward enrolment of patients at lower ischaemic and bleeding risk and the findings cannot be generalized to the ACS population as a whole. Additionally, the requirement for patients to present to hospital 6 months after stent implantation, for eligibility assessment, is likely to introduce an element of bias in favour of enrolment of lower-risk ACS patients. Secondly, referring physicians may have preferred not to refer higher-risk ACS patients for consideration of enrolment given the potential for randomisation to shorter-term DAPT and a perceived increased risk of adverse events. Thirdly, although statistical power calculations were derived from historical trials using first-generation DES, 89% of patients enrolled in ISAR-SAFE received second-generation stents; these stents are associated with a lower rate of stent thrombosis and other complications compared with first-generation DES, leading to a reduction in ischaemic endpoints. Finally, novel P2Y12 inhibitors have emerged since the beginning of enrolment for the ISAR-SAFE study. ACS patients treated with ticagrelor have lower rates of ischaemic events compared to those receiving clopidogrel 24 and patients with a previous history of myocardial infarction benefit from prolonged treatment with ticagrelor 25 . Given their proven superiority to clopidogrel, current guidelines recommend novel P2Y12 inhibitors as the preferred second antiplatelet agent for patients presenting with ACS 17, 18 and patients treated with these agents would not have been eligible for inclusion in ISAR-SAFE. Therefore, although this study includes the largest cohort of ACS patients randomised to shorter versus standard duration DAPT after DES implantation, and event rates are comparable to similarly designed trials 10 , we acknowledge the underpowering of the trial in relation to detection of differences in clinical outcomes. However, the data presented here remain relevant for inclusion in future meta-analyses exploring shorter versus standard duration of DAPT after DES.
In summary, whilst this study was underpowered for the primary endpoint, the ISAR-SAFE ACS subgroup analysis demonstrated low event rates and no statistically significant difference in net clinical outcomes, defined as death, myocardial infarction, stroke, or TIMI major bleeding, for patients presenting with ACS receiving 6 months versus 12 months clopidogrel after DES implantation.
